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Cooling Characteristics of Hot-filled PET
Bottled Tea Drinks During Processing

Yoshihiro Hisanobu, Hideaki Saigo
and Yoshihiro Komatsu

Cooling characteristics of PET bottled tea drinks were examined during hot-filling at
90T and water-cooling process.

1) Natural convection mode of cooling was demonstrated in comparison of fcx and
jex at upper vertical position of bottle with the values at lower vertical position,
while difference of fex was not observed at each horizontal position.

2) Value of fex at the highest vertical position was almost 4 times larger than that of
the lowest vertical position. This suggested that monitoring of cooling process was
required with measurement of temperature at a fixed constant position of filled
bottle.

3) Tea catechins decreased to 98% after hot-filling and immediately cooling, and
decreased to 95% during hot-filling, holding and cooling process. 2% differece of
tea catechins concentration was observed in a bottle at different vertical positions
for analytical sampling. These results showed that there was no significant change
in quality during production.

4) Showering was an effective cooling procedure in comparison with water-dipping
on account of cooling efficiency and retention of catechins.

5) Shape and capacity of PET bottle did not affect on cooling behavior and retention
of catechins.

6) Hot-filling with headspace volume up to 1.2% of bottle volume did not influence
on cooling behavior and retention of catechins when compared with headspace-less
filling.

7) The most rapid cooling down was observed at headspace position. This suggests
that a certain hot holding time of headspace area is important on the production
line of hot-filled PET bottled tea drinks.

Key words : PET bottle, green tea, catechins, hot-fill, cooling.
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Fig. 1. Cross section and measuring point of temperature of 1.5/¢
round shape PET bottle.
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Fig. 2. Sampling apparatuses for HPLC analysis of catechins in tea infusion.

(A), apparatus for sampling and quick cooling of hot tea infusion;
(B), apparatus for simultaneous sampling from different vertical position.
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Fig. 3. Cooling characteristics (fex and jcx) at different verlical position of
hot-filled water in three kinds of PET bottles.

®, 1.5¢ round shape; B, 1.52 square shape; A, 2¢ square shape.
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Fig. 4. Cooling characteristics (fcx) at different horizontal position of
hot-filled water in 1.5¢ round shape PET bottle.

(A), distance from the bottom (mm);
(B), coefficient of variation (%).
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Fig. 5. Retention of catechins at different vertical position of hot-filled, PET
bottled green tea drink after cooling.

—, sampling from different vertical position at the same time; ----,
stirred just vefore sampling: ¢, mean value and standard deviation of 3
determination.
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Fig. 6. Production line of PET bottled drinks (hot-filling line).

(A), Vertically transfer (30sec): (B), horizontally transfer (30sec):
(C), vertically transfer (30sec): (D), vertically transfer (lmin).

Hot filling] mediately after capping.
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Fig. 7. Line specification after hot-filling.
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Fig. 8. Comparison of showering with dipping on water-cooling process.

Fig. 9.

(®, 40T, point of 175mm upper from the bottom: O, showering, upper
position; 0, showering, lower position:®, dipping. upper position; B,
dipping, lower position: , region of above 82T: I, retention of
catechins at the each position (just after filling = 100).
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Influence of shape and capacity of PET bottle on cooling behavior and
retention of catechins.

O, 1.5¢ round shape, upper position; O, 1.5¢ square shape, upper
position;: A, 2¢ square shape, upper position: @, 1.5¢ round shape,
lower position; B. 1.5¢ square shape, lower position: A, 2¢ square
shape, lower position: , region of above 82T : T, retention of
catechins as a whole (just after filling = 100).
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Fig. 10. Influence of headspace of filled PET bottle on cooling behavior and
retention of catichins.

O, with headspace, position of 5mm lower from the upper level; O,
with headspacc. lower position: @, without headspace, upper position:
B, without headspace. lower position: A, headspace position:
region of above 82T : T, retention of catechins at the each position
(just after filling = 100).
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